Seasonal and annual mean wind-stress values on the world ocean have been recomputed from wind data compilations that have become available since Hidaka's 1958 computations. The newer data have the advantage of including wind-speed frequency distributions, and are geographically more extensive. The annual latitudinal mean zonal stresses of this study agree rather well with the stresses deducible from Buch's Northern Hemisphere momentum transports for 1950.
INTRODUCTION
In a pioneering work, Sverdrup [13] properly incorporated the wind stress on the ocean surface into a simple linear baroclinic model of the ocean dynamics. The model applies mainly to the interior of ocean basins, away from strong boundary currents where inertial terms cannot be neglected. An application to the region of the tropical eastern Pacific showed that the vertically integrated mass transport from the Sverdrup theory agreed closely with the mass transport computed from oceanographic observations. Sverdrup's theory leads to the simple relation, where p is the y-derivative of the Coriolis parameter; + is the mass transport stream function; x and y are the coordinates in the eastern and northern directions respectively; T~ and T, are the x and y components of the wind stress on the sea surface, respectively.
From this important result mass transport for the largest part of the oceans can be approximated from a knowledge of the wind stress alone. The Sverdrup theory has since been extended and various ocean circulations approximated, e.g., see Munk [7] . Sensitivity of mass transport to the form of the wind-stress field has more recently been demonstrated by Bryan [I] with a numerical model of a barotropic ocean. He shows that the point of separation of the western boundary current from the western boundary, and the intensity and direction after separation, are quite sensitive t o the form of the stress field imposed, especially when the inertial effects are retained.
As a direct result of Sverdrup's 1947 paper, there arose an urgent need for knowledge of wind-stress fields on the oceans. To meet this need the Scripps Institute of Oceanography made the first systematic computations of wind stress over the North Pacific [lo] , followed by computations for the North Atlantic [ll]. Hidaka [5] , using the procedure that the Scripps Institute used for the North Pacific, extended the computations to the world ocean.
Hidaka computed stresses with the quadratic resistance law, where T is the magnitude of the stress; p is the air density close to the ocean; CD is the drag coefficient and is taken to be a function of wind speed alone; u is the wind speed at anemometer level and T is in the direction of u.
The basic wind data were taken from the U.S. Hydro Antarctic, 1957 . Wind roses of these atlases do contain speed frequency distributions, and stress computations can be made explicitly from the data by means of equation (2). From the data of the polar atlases the stress field can be significantly extended t o higher latitudes.
In anticipation of the treatment of the problem of the world ocean, and with the availability of these newer data with the advantages described, a recomputation of the stress field on the world ocean is in order. Seasonal and annual means have been computed. Further details of the procedure are given in a later section. 
COMPARISONS WITH MEAN STRESSES DEDUCIBLE FROM INDEPENDENT STUDIES
The accuracy of the "observed" mean frictional stress fields remains in doubt because of the inherent uncertainties in the data and the use of the empirically determined value of C, . I t is possible however t o compare the gross features of the stresses of this study with stresses arrived at by entirely independent methods. One such method makes use of the principle that the annual divergence of zonal momentum integrated through the depth of the atmosphere above latitude belts should be balanced, t o close approximation, by a supply or drain of zonal momentum to the atmosphere through the atmosphere-earth interface. It should be noted that the ratio of the force on the entire belt to the force on the ocean portion only is roughly the same as the ratio of the area of the entire belt to the ocean area only. This suggests that the mean zonal stresses on land do not differ greatly from the mean zonal stresses on the oceans in the Northern Hemisphere. Agreement with the forces deducible from Obasi transports for the Southern Hemisphere is poor. The tangential force on the 45"-55" belt according to this study is 52.3X1Ol6 dynes, compared to 2O.8X1OL6 dynes from Obasi's momentum transports. The large difference in middle latitudes cannot be attributed to the influence of land drag since there is very little land in this region. One should keep in mind the paucity of upper wind data in the Obasi study for the Southern Hemisphere and that these data are for a single year, possibly an anomalous one. aerodynamic roughness parameters, and Lettau's [6] theoretical wind and stress spirals. Thus, this figure exhibits the mean zonal stresses computed by three independent methods using three different types of data. The present study uses climatological surface winds. From Buch and Obasi we compute the mean zonal stresses essentially from upper-air winds; and Kung uses geostrophic winds.
The annual and latitudinal mean of the 2-component of the stress for all oceans combined as a function of latitude from Priestley's [9] early computations are shown as curve P in figure 3 . Priestley used a constant p and a constant CD in equation (2), and reasoned that these simplifications resulted in an underestimate of the temperate zone zonal stresses. He then determined the magnitude of this underestimation from the consideration that, for the year as a whole, the net torque about the earth's axis resulting from the x-component of the surface winds should vanish. He found that an overall 40 percent increase of the zonal stress in the temperate zones was required to effect a balance of torque. This increase applied uniformly throughout the temperate zones is shown as curve P'. The stresses of this study are shown as curve M. The imbalance of torque of the stresses of this study can easily be accounted for with small changes in CD, well within the range of quoted values.
WORKING DETAILS
The procedure for computing stress from wind roses with speea frequency information is given in detail by Hellerman [4] . Sufficient information is given in the Marine Climatic Atlases to make a good estimate of the frequency of speeds through Beaufort force 9, and Beaufort forces 10 and 11 are estimated from climatological values regardless of wind direction, geographical location, or season.
The neutral stability drag coefficient as a function of wind speed CD(u) is still the most uncertain element in the computations. It is unlikely that CD can be expressed accurately as a function of wind speed alone for all oceans and wind conditions, and it has been suggested that the wide scatter of quoted values is in part due t o winds of different duration and fetch (e.g., see Stewart [12] Figure 4 shows the data coverage and data sources. Marine Climatic Atlas wind roses a t 310 locations were supplemented by 224 Pilot Chart wind roses in sparse data regions. The speed frequency distributions from nearby Marine Climatic Atlas wind roses were interpolated to the Pilot Chart wind-rose locations and corrected so that direction frequencies agreed with observed values as given by the Pilot Chart. These interpolated frequencies were then adjusted, when necessary, so that the average wind speed from each direction of the interpolated wind rose agreed with the recorded Filot Chart average wind speed. The space and time scales represented by the data vary considerably. Pilot Chart wind roses are representative of 5'-quadrilaterals ranging from 110,000 mi.2 to 55,000 mi.' from equator to 60" lat., Le., varying as the cosine of the latitude. Marine Climatic Atlas coastal and island wind roses may effectively represent "points", while midocean wind roses represent areas of roughly 30,000 m i 2 Marine Climatic Atlas data represent 3-month averages. The Antarctic Atlas data are for the February, May, August, and B ovember means, and are taken in this study to represent Southern Hemisphere summer, fall, minter, and spring means respectively. Pilot Chart data are 1-month means, except for the South Atlantic and South Pacific where 3-month means were used. h o "smoothing" of the heterogeneous time scales was attempted. However, the non-uniformity of space scales caused by the convergence of meridians is easily corrected by where the overbar refers to a time average, e is latitude and X is longitude in degrees, and 58 is an average of 7 over an area equivalent to a 5"-quadrilateral at the equator. Figure 5 compares the annual latitudinal means of the zonal stress for all oceans combined, computed by Hidaka, with those of this study. The taking of means obviously wipes out many of the differences. Tables 2-6 give the 7, and YY values for the seasonal and annual means of this study in the same format used by Hidaka to publish his values. The differences from Hidaka's results stem from the use of different data compilations, the use of different drag coefficients, the computation of stress explicitly with speed frequency data rather than by use of assumed frequency distributions of wind speeds, and the use in this study of equation 
CONCLUSION
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